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Introduction
Obesity has become a major health problem
over recent decades; over-nutrition is second only
to smoking as a general cause of death [1, 2]. The
prevalence of this condition has rapidly increased
in USA [3] and in western Europe [4].
Obesity induced health risk results from sever-
al comorbid conditions [5, 6] such as metabolic
disorders, cardiovascular diseases, neoplasm and
respiratory syndromes [7], obstructive sleep apnea
(OSA) being one of the most important and fre-
quently linked disorders [8].
Apart from the surgical approaches in ad-
vanced obesity [9], medical treatments have been
proposed in mild to moderate degrees of obesity
with the goal of reducing excess weight. These
treatments, mainly consist of behavioural therapies
(eating habits, low calories diets, and physical ac-
tivity) with the addition of nasal CPAP (nCPAP)
among those patients presenting obstructive sleep
apnea (OSA), which has been associated with vari-
ably consistent weight loss and improvements to
the apnea/hypopnea index (AHI) and/or the pul-
monary mechanics [10]. However, the major aim
of this conservative therapy is not only to focus at-
tention on 5-10% loss of body weight, but also on
the long-term maintenance of body weight reduc-
tion as well as of any other favourably changed be-
haviour [11].
To our knowledge, there is no clear informa-
tion on the possibility that an interdisciplinary con-
servative approach may favour improvements, and
possibly long-term maintenance, in severely obese
subjects. Therefore, we have undertaken an obser-
vational pilot study in a rehabilitation environment
on a population of severely obese individuals, suf-
fering from sleep disturbances and advanced dis-
ability, and consecutively admitted to an inpatient
programme (CR).
The aim of this study was to assess several
clinical outcomes in these patients at the end of a
1-month CR and 6 months after discharge as the
latest follow-up.
Methods
The study procedures were conducted in ac-
cordance with the Helsinki declaration. All the
subjects gave their informed consent to participate
in this programme.
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Background and aim. To assess the clinical effective-
ness of a interdisciplinary rehabillitation programme
(CR), in a population of morbidly obese subjects we have
undertaken a observational study.
Methods. The study included fifty-nine adult subjects
(18 M, 60±10 years, BMI 47±8) with sleep-disturbance re-
lated symptoms and disabilities. Assessment and correc-
tion of sleep disordered breathing (SDB) abnormalities,
improvement of exercise tolerance, body weight and asso-
ciated psychological features were the aims of this CR,
which has been carried out over a 1 month period.Lung
functions, apnea/hypopnea index (AHI), 6-minute walking
distance (6MWD), body weight (BW), quality of life by
means of Sat-P questionnaire and serum metabolic data
has been recorded at baseline (T0), at the end (T1) and 6
months after (T2) the CR.
Results. The percentage of patients with AHI>10 de-
clined from 65% (at T0) to 20% (at both T1 and T2).
6MWD and BW significantly improved (p<0.005) at T1
and still maintained at T2; a significant relationship
(r=0.379, p<0.01) has been found between changes of BW
and 6MWD recorded in between T0 and T2. Sat-P item
scores dealing with sleep efficiency, problem solving, and
social interactions improved (p<0.01) at T1 and still main-
tained at T2.
Conclusions. This hospital-based CR provides indica-
tion for effectiveness in advanced morbidly obese subjects
and warrants further controlled trials to confirm the results.
Monaldi Arch Chest Dis 2006; 65: 2, 89-95.
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Patients
The in-hospital programme was designed for
morbidly obese adult subjects (range 26 to 76
years) with BMI ≥35 kg/m2 who have previously
failed to lose weight in a outpatient setting and
who suffer from several medical complications
(hypertension, secondary diabetes, etc.) because of
their obesity. In particular, all the admitted patients
referred to suffer from sleep disturbances and ini-
tially scored >6 at the Epworth Sleepiness Scale
(ESS) [12]. 71% of the patients presented with
binge eating disorders as defined by the DSM-IV
diagnostic criteria [13] and confirmed by the Eat-
ing Disorder Inventory (EDI-2) test [14] adapted
for Italian people [15]. In addition, 61% of the pa-
tients were affected by moderate/major depression
according to the Beck’s scale [16]: so far, they as-
sumed daily antidepressant agents. Patients with
bulimia nervosa and obesity secondary to en-
docrine diseases were excluded. Table 1 shows de-
mographic, anthropometric and social characteris-
tics of patients at study entry.
Interdisciplinary rehabilitation program
The structured and interdisciplinary CR pro-
gramme was initiated in our department in January
2003. The hospital medical and ethical committees
approved the purpose and the content of the pro-
gramme which was created and properly modified
in the year before. Interdisciplinary staff delivered
the in-hospital programme over a 1-month period
and it involved individual as well as group therapy
sessions. The staff is composed of a pulmonolo-
gist, endocrinologist, dietician, physical therapist
and psychologist, while other allied health profes-
sionals (namely nurse cohordinator and social as-
sistant) implemented daily activities; the chief of
the department is actually the coordinator and the
responsible of the CR.
The short-term aims of the programme were
either assessment and correction of the sleep dis-
ordered breathing (SDB) abnormalities, reduction
of body weight, improvement of both exercise tol-
erance and of the associated psychological fea-
tures. The aim in the long-term follow-up was to
maintain any of the previously described goals.
A polisomnographic assessment of apnea/hy-
popnea index (AHI) was performed, according to
the current national guidelines [17], at baseline and
then repeated at 6-months. Appliance, setting and
prescription of nCPAP has been considered in
obese patients with AHI >20; they were all en-
couraged and trained to continue this treatment at
home. Overnight pressure levels has been set by
means of the autoadjusting titration system as de-
scribed elsewhere [18]; patient’s adherence and
compliance have been checked during a six-night
consecutive recording.
A low-calorie diet was specifically tailored on
the basis of individual patient’s needing and ac-
cording to his/her metabolic functions explored.
Overall, this diet was balanced with 30% fats, 55%
carbohydrates and 15% proteins divided into two
meals and two snacks. Nutritional education was
provided twice per week by a dietician.
Exercise consisted of twice daily one-hour ses-
sions of moderate to low intensity activities in-
cluding: i) supervised incremental exercise on a
cycloergometer; training modality consisted of
both progressively increasing load (up to 70-80%
of the maximal load reached on the incremental
test carried out at admission; a dyspnea score score
below 5 determined the ability of the single patient
to increase load) and time (up to 30 consecutive
minutes starting from a minimum of 10); ii) ab-
dominal, upper and lower limb muscle strength ac-
tivities, lifting weights (up to 3 kg) and circling
shoulders and full arms. Instructions for energy
conservation, stress management and symptoms
control were also delivered to patients. Patients
were encouraged to perform their usual daily life
activities on their return home. In addition, written
advice on how to maintain physical fitness was
given to patients upon discharge; however, strate-
gies to perform supervised exercise programmes at
home were not implemented during the follow-up.
Twice weekly sessions of psychotherapy were
carried out during their hospital stay. The behaviour-
al therapy consisted of sessions dealing with issues
of self-control, cognitive restructuring reinforcement
and relapse prevention. No other structured inter-
ventions was delivered to patients during this period.
Study design
The study was a prospective observational tri-
al. After completing the in-hospital CR, patients
were discharged to return home. A brief non-struc-
tured telephone interview was performed in be-
tween (about 3 months) discharge and the latest
follow-up; at this time patients were subsequently
hospitalised to take measurements.
Assessments were therefore performed base-
line within the first three days from admission
Table 1. - Demographic, anthropometric and social
characteristics of patients at study entry. Data is ex-
pressed as numbers (%) or means (SD)
Cases (n=59)
Sex (M / F) 18 (31) / 41 (69)
Age (years) 60 (10)
Weight (kg) 122 (28)
BMI (kg x m2) 47 (8)









Abbreviation: BMI: Body Mass Index.
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Lung volumes (FEV1, FVC, VC) were record-
ed by means of a spirometer (Masterscope Jaeger
GmbH, Hochberg-Germany). The predicted values
according to Quanjer [19] were used. Arterial
blood to obtain PaO2, PaCO2 and pH by an auto-
mated analyser (Mod.850, Chiron Diagnostics
Co., Medfield-USA) was sampled at the radial
artery while patients, in the sitting position, were
breathing room air for at least one hour.
The apnea/hypopnea index (AHI) was calcu-
lated from the full polisomnography tracing [20].
WEIGHT AND EXERCISE PERFORMANCE
Body weight (BW) was assessed in the morn-
ing after waking-up by means of a electronically
calibrated platform scale with remote display and
high load capacity (SECA mod.635, Hamburg-
Germany).
The timed walking distance in metres was as-
sessed by the 6 minute test (6MWD) as recom-
mended [21]. Before and at the end of effort, pa-
tients were asked their perceived dyspnea and leg
fatigue by pointing a number or phrase on a 10-
point modified Borg scale [22].
QUALITY OF LIFE AND PSYCHOLOGICAL FUNCTION
A generic measure of the patients’ quality of
life was recorded by means of the Sat-P question-
naire [23]. Psychological functions were assessed
at T0 and T2; the Italian versions of the Minneso-
ta Multiphasic Personality Inventory 2 (MMPI-2)
[24] and the Eating Disorder Inventory 2 (EDI-2)
[15] were tested to assess the patients’ personality
and eating disturbances, respectively. The patients’
binge eating severity was then scored as previous-
ly described and published [25].
METABOLIC DATA
Plasma total cholesterol, triglycerides and uric
acid were measured according to the most com-
mon laboratory methods; glicate-Haemoglobin
(glicate-Hb) was also measured in those patients
with associated secondary diabetes (n=22).
Analysis
Unless otherwise indicated, all data is present-
ed as mean±1 standard deviation (SD). Analysis
was performed using a specific software package
(SPSS 8.0 for Windows).
ANOVA for repeated measures was used to
test the differences between times. Contrasts
among times were evaluated by means of t-test
with Bonferroni adjustment. Sperman’s correlation
coefficient was then calculated among all the vari-
ables’ changes obtained at different times. A p val-
ue less than 0.05 was considered to be significant.
Results
All the included patients completed their fol-
low-up. Table 1 shows demographic, anthropomet-
ric and social characteristics of the studied popula-
tion: 49 obese patients (83%) had a BMI >40
kg/m2. Upon admission, the threshold limit of 17
at the binge eating score measure [24] was record-
ed in most (88%) of the subjects. None of the ad-
mitted patients underwent surgical treatment for
obesity; all of them experienced previous dietary
interventions without any other structured compre-
hensive in-hospital approach.
RESPIRATORY FUNCTION
Analysis of spirometry revealed that 20% of
patients showed chronic airway obstruction due to
asthma and/or COPD. Changes over time in lung
volumes, gas exchange and AHI are shown in
table 2. As the most relevant observation, PaO2 in
resting condition significantly rose over time,
whereas AHI decreased after the 1-month pro-
Table 2. - Time course of respiratory functions in the population studied. Data is expressed as means (SD)
Cases (n=59)
T0 T1 T2
FEV1 (% pred) 86 (27) na 87 (42)
FVC (% pred) 90 (22) na 91 (21)
VC (% pred) 92 (14) na 93 (15)
PaCO2 (mmHg) 42 (6) 39 (8) § 41 (3)
PaO2 (mmHg) 64 (9) 68 (13) 68 (7) §
AHI 40 (39) 28 (9) # 25 (4) #
na - not available
§ p<0.05 versus Baseline
# p<0.01 versus Baseline
Abbreviations: FEV1: Forced Expiratory Volume in one second; FVC: Forced Vital Capacity; VC: Vital Capacity; PaO2:
Arterial Oxygen Tension; PaCO2: Arterial Carbon dioxide Tension; AHI: Apnea Hypopnea Index.
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gramme (T1) and maintained at 6 months (T2). As
a whole, at baseline, 65% of obese patients pre-
sented a AHI >10, whereas this percentage de-
creased to 20% both at T1 and T2. 14 obese pa-
tients with AHI ≥20 at T0 were prescribed and
trained to domiciliary nCPAP; all of them im-
proved both PaO2 and AHI during the follow-up.
WEIGHT AND EXERCISE PERFORMANCE
BW and exercise capacity as assessed by 6MWD
significantly improved over time (see figure 1); in
particular, improvement of both outcomes at T1 still
maintained at T2. Short-term improvement of exer-
cise tolerance has been further confirmed by reduc-
tion of symptoms score (from 4.3±2.0 to 2.1±1.8 for
dyspnea and from 4.5±2.6 to 2.4±1.5 for leg fatigue,
p<0.005) as assessed by Borg scale at peak effort. At
T2, 24 obese patients (41%) significantly reduced
(by more than 5%) their BW further (ranging in be-
tween 5.1 to 20% of the value reached at T1); among
the remaining 35 patients, 18 (51%) regained, 1
(3%) maintained (less than 1% change), and 16
(45%) reduced BW (range in between 1 to 5%) their
BW at T0 (for details see also figure 2). A significant
positive correlation (r=0.379, p<0.01) has been
found between changes of BW and 6MWD record-
ed in between T0 and T2.
QUALITY OF LIFE AND PSYCHOLOGICAL FUNCTION
The evaluation of patients’ generic quality of
life by means of the Sat-P questionnaire has shown
that almost all the items (those dealing with sleep,
dietary behaviour, resistance to fatigue, mobility,
activity, mood, emotions, participation and self-
control) significantly improved (p<0.05) at T1.
Overall, they turned down to baseline at T2 (de-
tailed data not showed); however, the item scores
dealing with sleep efficiency (from 57±29 to
75±20 and to 63±26, at T0, T1 and T2 respective-
ly) problem solving (from 65±31 to 84±17 and to
74±23), and social interactions
(from 68±35 to 87±17 and to
79±19) improved at T1 and still
maintained at T2.
Finally, 6-month comparison
of psychological function tests’
scores has shown that EDI-2
components did not change,
whereas angry and familiar com-
ponents of MMPI-2 significantly
improved (p<0.05) over time (de-
tailed data not showed). More-
over, Binge Eating Score (BES)
>17 (suggesting the presence of a
significant eating disturbance)
[25] was recorded in 52 (88%)
and 30 (51%) of patients at T0
and T2, respectively.
METABOLIC DATA
Table 3 shows metabolic data
measured across the study period.
A significant decrease has been recorded for both
Glicate-Hb and Uric Acid at T1, whilst these im-
provements also maintained at T2.
Discussion
This hospital-based interdisciplinary rehabili-
tation programme provides useful benefits in mor-
Fig. 2. - Patients distribution (number) according to the percentage reduction of BW during the
follow-up (in between T1 and T2). Solid bar represents patients who regained their BW over time.
Fig. 1. - Change over time of body weight (upper panel) and exercise
performance (lower panel) in the population studied (# p< 0.005 
versus T0; ^ p< 0.01versus T0).
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bidly obese subjects. Corrrections of sleep distur-
bances, improvement of body weight, exercise ca-
pacity and psychological functions have been ob-
tained in a large amount of patients on a short-tem
basis (after 1-month of treatment) and these bene-
fits also maintained thereafter (at the latest 6-
month follow-up). In particular, over time loss of
body weight and gain in exercise performance sig-
nificantly correlated each other in these advanced
morbidly obese subjects showing disability.
Little data exists in literature describing the ef-
fect of interdisciplinary and structured programs
delivered in-hospital to the most advanced and dis-
abled adult obese subjects failing several previous
conservative attempts to improve their condition.
To our knowledge, only one very recently pub-
lished paper described the short and long term ef-
fectiveness of a innovative interdisciplinary cogni-
tive-nutritional approach to treat obesity [26].
In that observational study [26] authors have
studied the long-term (up to 5 years) effects of their
6-weeks hospital programme, combining daily nutri-
tional therapy with physical exercise and relaxation
sessions, delivered to morbidly obese patients with a
BMI of 40±1 kg/m2. They found that, five years lat-
er, 20% of patients maintained their initial weight
loss, whereas 25% of them further decreased their
body weight. Overall, the weight change significant-
ly correlated with the degree of psycho-social diffi-
culties; moreover, serum metabolic data improved
over time in those who had lost more weight.
Although referred to a very similar study pop-
ulation, any comparison between data obtained in
that study [26] and in our study seems to be diffi-
cult for several reasons. First, the follow-up is dif-
ferent in length and management; indeed, Golay et
al. [26] hospitalised patients for one day every 4
months for motivational purposes and, in addition,
obese subjects were followed up 4 times a year by
their private GP. Second, and most importantly, it
is clear that weight loss has been considered as the
only major end point of their programme: the spec-
ified aims for the short and long-term effects in our
study were more than the weight change alone.
Taken as a whole, our CR programme aimed to as-
sess and correct OSA, reduce body weight, im-
prove exercise tolerance and positively influence
any of the psychological features commonly asso-
ciated to these patients.
Assessment and correction of sleep disordered
breathing (SDB) appear to be two important goals
needed to achieve in the most advanced morbidly
obese; as a matter of fact, a 10% increase in body
weight has been shown to predict a 6-fold increase
in the odds of developing moderate to severe dis-
turbances in a longitudinal population-based study
[27], and also it is known that 70% of patients with
OSA are obese [7], while hypoventilation com-
monly complicating adult obesity is associated
with excess morbidity and mortality [28]. Despite
the fact that in our study all the admitted patient
scored above 6 at the ESS, nonetheless our ap-
proach to look for any significant SDB allowed us
to confirm that more than 60% of patients present-
ed these disturbancies (AHI >10), 14 of them
(37%) needing a nCPAP overnight correction. This
in-hospital management of obese patients certain-
ly resulted in a significant short-term improvement
and long-term maintenance of SDB and arterial
oxygenation in the affected patients (see Results
section and table 2).
The overall change and maintenance in BW
and exercise tolerance are two additional important
goals achieved by our programme (see figure 1). In
particular, at difference with our study, the previ-
ously published study in similar patients [26] did
not underline the precise role of exercise enhance-
ment in these obese, nor it presented any accurate
description on how the patients were trained. To
confirm these findings we have also found a signif-
icant correlation between long-term changes of
BW and exercise, thus suggesting a really sponta-
neously improved and/or modified lifestyle in these
adult obese. About half of our population regained
BW at the latest follow-up (see figure 2), which ac-
counts for a proportion similar to that found over 5
years in the study by Golay et al. [26].
These latter effects are likely to consistently
reflect the significant improvement in the generic
quality of life and in the psychological functions
explored. Overall, the items of the Sat-P question-
naire scores improved at the end of CR but turned
baseline thereafter; however, those dealing with
sleep quality, problem solving and participation
were still being maintained at follow-up, thus sug-
gesting a modified lifestyle according to the bene-
fits obtained in terms of SDB correction, BW loss
and exercise enhancement.
Table 3. - Time course of metabolic data in the population studied. Data is expressed as means (SD)
Cases (n=59)
T0 T1 T2
Glicate Haemoglobin (g/L) * 6.4 (1.4) 5.9 (0.8) § 6.0 (0.9)
Total cholesterol (mg/dL) 225.7 (54.3) 179.3 (33.2) # 204.4 (41.4)
Triglicerides (mg/dL) 144.5 (53.0) 140.2 (47.7) 141.3 (78.2)
Uric Acid (mg/dL) 5.3 (1.3) 5.5 (1.2) 4.8 (1.1)
* recorded in patients with associated diabetes (n=22)
§ p<0.05 versus Baseline
# p<0.01 versus Baseline
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Furthermore, long-term reassessment of per-
sonality test (MMPI-2) has shown in addition a
significant improvement in the angry and familiar
component scores, whereas the threshold limit of
the Binge Eating Score (BES) measure [25] has
been recorded in significantly less patients after 6
months. This further result it is likely to benefit
these subjects. Indeed, as previously suggested,
these factors are often interconnected: it is well
known that patients with eating disorders do not
respect the frequency or timetable of meals, and
are more prevalent in populations with psycho-so-
cial difficulties [29-31]. In the study by Golay et
al. [26] those patients diagnosed as having eating
behaviour problems (66%) frequently reported
loneliness, family and couple problems, and
mourning as reasons for over-eating; moreover, a
significantly higher number identified emotional
liability, depression (52%) or anxiety (58%) rather
than hunger as the trigger.
Among the metabolic data taken in our studied
sample, total serum cholesterol and glicate-Hb
have shown to be reduced at the end of CR, while
trended to recover (but not reached) the baseline
value at the end of follow-up. This overall effect is
certainly due to the more strict dietary intake dur-
ing hospitalisation; however, the proportion of pa-
tients who did not regain weight at the follow-up
also maintained their cholesterol and glicate-Hb
stable, thus confirming previous finding in suc-
cessfully treated obese [26]. Additionally, in our
experience, the number of patients with type II di-
abetes needing anti-diabetic drugs reduced over
time (from 22 at T0 to 8 at T2) according to the re-
duction of patients having a glicate-Hb above the
limit of 5.7 mg/dL. Various authors have described
the efficacy of weight loss on blood sugar and in-
sulin levels, and insulin resistance [32, 33]. Main-
taining the metabolic benefit of weight loss con-
firm an overwhelming long-term metabolic im-
provement in comparison with the natural evolu-
tion of obesity towards type 2 diabetes mellitus
[34, 35].
The reduction of the amount of drugs used per
patients cannot be considered to be a trivial effect.
In our obese subjects, the use of antidepressants re-
duced as well in the follow-up, thus confirming
once more the overall positive effect on the patien-
t’s lifestyle that our CR could have determined.
The present study has some important limita-
tions which need to be carefully evaluated by the
reader. First, the protocol is not performed on a
randomised parallel group basis. However, when
admitting advanced obese patients who have al-
ready failed previous attempts to benefit from con-
servative therapies, it seems rather hard to differ-
entiate the programme or to deny them any of the
included treatments. Second, the relatively small
sample size, although it is similar to that of the pre-
vious comparable study [26], and the relatively
short follow-up period could limit the value of the
obtained results. Nonetheless, all the subjects in-
cluded completed the CR and were successfully
followed over time thus making the obtained re-
sults possibly reproducible on a larger population
of similar individuals and for longer time. Third,
this interdisciplinary approach fails to identify
which of the various interventions proved most ef-
ficacious in achieving the stated objectives;
nonetheless, all of the various management initia-
tives might be critical (and not necessarily redun-
dant) in reaching the most important outcome for
these patients, which is the long-term weight loss.
Finally, the long in-hospital stay is a potentially
high source of increasing costs of the rehabilitation
programme. However, our programme does not
appear to be any more expensive than others pre-
viously published [26]. Although a specific analy-
sis might have arisen advantages and/or disadvan-
tages in terms of costs, this was not the aim of the
present study.
In conclusion, this hospital-based interdiscipli-
nary rehabilitation programme has proven to pro-
vide indications for effectiveness in a group of
morbidly obese subjects. Despite the fact that there
are no international [36] or local [37] documents
included in the detailed guidelines for a compre-
hensive rehabilitation in these subjects, it is likely
that this treatment may really favour obese patients
who had already failed several attempt to improve
their status. Our findings warrant future controlled
trials with a longer follow-up to confirm the re-
sults.
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APPENDIX
Epworth Sleepiness Scale [ESS]
A simple 6-items scale each scoring 0 to 3, with a possible range of 0-18. Items describe the patient’s sleepiness in
different conditions of daily living. Total score correlates with the severity of sleepiness, being normal below 6.
Eating Disorder Inventory test [EDI-2]
A self-administered interview consisting of 91 “true or false” items [graded from “always” to “never”] grouped into 11
scales. It describes the individual’s symptoms related to anorexia and bulimia.
Beck Depression Scale [BDS]
A self-administered scale consisting of 21 items each describing 4 level of gradually increasing severity to assess specific
manifestations related to the individual’s depression (excluding anxiety).
Satisfaction Profile questionnaire [Sat-P]
A self-administered generic questionnaire which provides a satisfaction profile over 32 daily life aspects with reference to
the last month. It provides 32 10-cm horizontal VAS and 5 factor scores all ranging from 0 (lowest satisfaction) to 100
(highest satisfaction).
Minnesota Multiphasic Personality Inventory [MMPI-2]
A self-administered interview consisting of 567 “true or false” items grouped into several scales. It describes individual’s
personality and emotional disorders. Score of 65 is considered the threshold limit between normality and pathology.
Binge Eating Scale [BES]
A self-administered 16-items (8 describing behavioral manifestation and 8 describing associated feelings and cognitions)
interview to measure binge eating severity. Each item consists of 4 statements that reflect a range of severity (o to 3), with
a possible range 0-46.
